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Introduction
Erroneous intravenous fluid therapy is a source of perioperative morbidity and mortality. The 1999 National Confidential Enquiry into Perioperative Deaths discovered that in 20% of perioperative deaths there was either unrecognized/untreated fluid imbalance or poor documentation of fluid balance. 1 Recent studies have shown that in most surgical units, preregistration house officers (equivalent to foundation year 1 [FY1] doctors) are given the major responsibility for prescribing intravenous fluids, even though their knowledge base may be inadequate. [2] [3] [4] Training FY1 doctors in intravenous fluid therapy is required to improve their knowledge and reduce the morbidity and mortality associated with erroneous intravenous fluid therapy. In a 2002 survey of consultant surgeons, the most favored training method for improving perioperative fluid therapy was focused practical training in the form of problem-based ward rounds. 3 Since then, the landscape of medical training has been altered by the European Working Time Directive. The reduction in clinical hours following implementation of this directive limits the opportunities for practical training on the job. 5 Hence, alternative strategies are required. This audit evaluated whether a single focused teaching session, based on the current national guidelines for perioperative fluid therapy, could improve the knowledge of FY1 doctors. 
Materials and methods participants
All FY1 doctors at a district general hospital in south central England were requested to take part in this study. Doctors' participation was voluntary, and no ethical approval was required.
Intervention
A single focused teaching session on perioperative fluid therapy was organized with the approval of the hospital's foundation program director. The teaching session was designed by a team made up of a surgical trainee, an anesthetics and intensive care trainee, and a consultant surgeon. The teaching session was designed taking into consideration the GIFTASUP (Guidelines on Intravenous Fluid Therapy for Adult Surgical Patients) and pertinent education principles. The duration of the teaching session was one hour. This time was divided equally in two parts. In the first part, learners were taught about the theoretical aspects of perioperative intravenous fluid therapy. In the second part of session, clinical vignettes were used and learners were encouraged to work through these examples. The facilitator of the teaching session was the anesthetics and intensive care specialist trainee.
The major educational principles that were made use of are discussed below. A major challenge for any teaching session is motivating the learners. If learners are not adequately motivated by the teaching session, they fail to learn, because they do not undertake cognitive processing. This phenomenon is termed generative underutilization. To ensure that the junior doctors were motivated by the teaching session, it was designed to be relevant and of value to them. Hence, the teaching session was focused on intravenous fluid prescription issues that junior doctor encounter in their day-to-day work. The level of cognitive processing is important, with higher levels leading to better learning and long-term retention. To promote a higher level of processing by the learners, they were encouraged to work through a number of different clinical vignettes. Managing cognitive load is essential, otherwise learners are overwhelmed by the information. Hence, the teaching session was segmented into two parts. Segmentation is an educational process in which a teaching session is broken into smaller parts. It is postulated that segmentation avoids cognitive overload by allowing time for information processing between the segments.
Evaluation of the intervention
The outcome data comprised the doctors' answers to confidential, self-completed questionnaires at baseline, immediately after, and again 2-5 weeks following the teaching session. Participants were unaware that the questionnaire would be repeated immediately after and again a few weeks following the teaching session. The questionnaire was developed from the current national GIFTASUP. The final questionnaire contained 12 best-of-five, multiple-choice questions. The topics covered in the questionnaire were: daily fluid and electrolyte requirements, common surgical conditions, assessment of volume status, and specific preoperative and postoperative considerations. Each questionnaire was allocated a mark out of 12 (minimum score 0, maximum score 12). The main outcome measure was the change in mean score after the intervention.
Results
All 26 FY1 doctors in the hospital completed the pre-education questionnaire. Twenty attended the teaching session and completed the questionnaire immediately after and on average 22 (range 14-31) days after the teaching session. The mean pre-education score was 4.3 (36%). The mean score immediately after the teaching session was 10.3 (85%). The mean score at an average of 22 days after the teaching session was 9.5 (79%). Figure 1 gives a breakdown of the scores in terms of the four topics covered in the questionnaire.
Discussion
This audit shows that: FY1 doctors' baseline knowledge of intravenous fluid therapy was inadequate (36%); there was a significant improvement (85%) following a single focused teaching session; and this knowledge was retained (79%). Inadequate teaching on intravenous fluids is believed to be responsible for the poor baseline knowledge. This view is supported by the fact that a single teaching session on intravenous fluids resulted in a marked improvement in FY1 doctors' understanding, ie, an increase from 36% to 85%. The focused teaching session taught participants the theoretical aspects of intravenous fluid therapy and its implications for clinical practice in a clear and concise manner. All of these factors are believed to be responsible for the improved understanding created by the teaching session. Subsequent clinical exposure and continued practice in fluid management are believed to be responsible for the knowledge being retained.
Our audit benefits from being the first to examine the efficacy of a single focused teaching session in improving FY1 doctors' knowledge of intravenous fluid therapy. As such, it determines the efficacy of a training method that can be delivered within the time constraints of European Working Time Directive. Further, the efficacy of a single 
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Improving junior doctors' knowledge of IV fluid therapy focused teaching was assessed by whether the knowledge was retained as opposed to just testing immediate recall.
The limitations of the audit include its small sample size, the lack of validated questionnaire(s) to assess knowledge of intravenous fluid therapy, the short duration at which retention of knowledge was tested, and the lack of assessment of the impact on clinical practice. Hence, future work should examine participants' knowledge at intervals of 3, 6, and 12 months to determine the need for continued and repeated training in this important subject. Future research is also required to determine if the knowledge gained as result of the teaching session alters fluid prescribing habits and whether this translates into better patient outcomes.
Awad et al demonstrated that a structured workshop on fluid and electrolyte balance was effective in improving participants' knowledge. 6 However, the magnitude of the observed effect (from a pre-education score of 19.7/30 to a post-education score of 24.6/30) was less than in our audit (from a pre-education score of 4.3/12 to a post-education score of 10.3/12). This may be due to a higher pre-education score in the study by Awad et al. In their study, participants were specialty year 1 and 2 trainees, 6 who have 2-3 years more experience than that FY1 trainees who took part in our audit. In addition, participants in the study by Awad et al were given online access to the teaching material prior to administration of the pre-education multiple-choice questions and all questions were based on the content of the teaching material. 6 Both of these factors are likely to responsible for the higher pre-education score observed in the study by Awad et al.
In conclusion, a single focused teaching session appears to be a simple and effective way of improving foundation doctors' knowledge of intravenous fluid therapy. Safe Swayamprakasam et al prescription of intravenous fluids is an important competency requirement for foundation doctors. 7 The safe prescription of different intravenous fluids is highlighted in Table 1 . We recommend that a focused teaching session on intravenous fluid therapy is integrated into the teaching program for all foundation doctors. This is likely to receive support from these doctors, because our experience was that the teaching session was well attended.
